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a b s t r a c t
In this paper, three historical biodiversity datasets (from 1940s, 1980–1999 and 2000–2004) and results
from the recent inventory are used to trace the long-term changes of the mollusks in the eutrophic Lake
Dianchi. Comparison of the obtained results with those of earlier investigations performed during the
period of 1940s and 1980–1999 as well as 2000–2004 showed that changes have occurred in the interval.
There were 31 species and 2 sub-species recorded prior to the 1940s, but the species richness decreased
from a high level of 83 species and 7 sub-species to 16 species and one sub-species from 1990s to the
early of 21st century in lake body. Species from the genera of Kunmingia, Fenouilia, Paraprygula, Erhaia,
Assiminea,Galba,Rhombuniopsis,Unionea andAforpareysiawerenot found inDianchi basin after 2000. The
species from the genera Lithoglyphopsis, Tricula, Bithynia, Semisulcospira and Corbicula were only found
in the springs and upstream rivers. Anoxia and the changing of substrates and ﬁsh species composition
could explain why molluscan community composition changed in eutrophic Lake Dianchi. Additionally,
the different samplingmethods and ignore of the speciﬁc groups in earlier studies are cause for Sphaerium
and Pisidium ﬁrst found in our study. This study is ﬁrst time to enlarge the investigation region to the
Dianchi basin. Although some endemic species disappeared in the lake body, they still distribute in the
ers. Tsprings and upstream riv
ntroduction
Mollusca is an extremely varied phylum with an estimate
f 80,000–130,000 described species, while freshwater mollusca
omprise ∼5% of the world’s mollusca fauna (Strong et al. 2008).
reshwater mollusks are useful tools as pollution indicators
hrough assessments of the molluscan community composition
nd monitoring the heavy metal contamination (e.g. Salanki et al.
003; Yang et al. 2005; W.G. Wang et al. 2004; Jou and Liao 2006).
owever, siltations from agriculture, organic pollution, pesticides,
eavy metal loading, and habitat degradation have threatened the
reshwater mollusks. In additional, food culture has affected diver-
ity in Lake Dianchi. The local people believe that the snail is
utritious and treat the constipation, insomnia and fever, etc. (Li
993). The quantity of production was huge, the ﬁsh men could
arvest 1,000,000kg snails in the Lake Dianchi per year before
980s (Tchang and Cheng 1945; Peng 2002), however, due to the
ver-harvest and pollution, the quantity of production decreased
o20,000kg in 2000 (Peng 2002). There are 471 species of freshwa-
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ter mollusks listed in the 2009 IUCN Red List of Threatened Species
(http://www.iucnredlist.org), 10 species are fromChina, 4 ofwhich
are fromLakeDianchi (IUCN2009). Although there aremany inves-
tigations that indicate inﬂuenceof eutrophicationon changes in the
abundance and composition of mollusks in North American and
European (e.g. Carlsson 2001; Clarke 1979; Arter 1989; Nakamura
and Kerciku 2000; Timmet al. 2006; Gray 2004; Zettler andDaunys
2007; Neves et al. 1997), the data concerning Asia is sparse.
The Dianchi basin is 2920km2 in extent and is located between
thewatersheds of the Jinshajiang-Yangtze, Honghe and Pearl rivers
at an altitude of 1990m. With an area of nearly 300km2 Lake
Dianchi (24◦51′N, 102◦42′E) is one of the largest freshwater lakes
in Yunnan, it is a eutrophic lake. The lake body is approximately
40km long (north to south) and 12.5 km at its widest point, with
an average water depth of 4.7m and a maximum depth of 10.9m
(Yang et al. 2004). The lake body is divided into two parts, the small
northern Cao Hai (inner lake), and the much larger Wai Hai (outer
lake). The twopartsof the lakehavebeenseparatedby theconstruc-
tion of a causeway. Around the lake, there are 17 rivers and at least
20 springs ﬂowing into the lake. The outﬂow from the Waihai is to
the Tanglangchuan River at the southwest of the lake (Zhang et al.
2005). With the development of agriculture, industry and urban-
ization in the region, increasing sewage discharge has had an effect
on changing the freshwater biodiversity structure (Luo et al. 2006;
Yang et al. 2004; Gong et al. 2009). Aquatic macrophytes decreased
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Table 1
Characteristics of recent and historical molluscan surveys of the Lake Dianchi used for comparison.
Survey Sampling method Number of stations Geographic range Reference
1940s Unknown or dredging Unknown Inshore of the lake,
water depth <2m
Tchang and Tsi (1949a,b) and Tchang (1948)
1980–1999 Hand net, dredging and Petersen grabs About 15 Whole lake body Wang (1985, 1988) and Zhang et al. (1997)
47 Whole lake body Chinese Academy of Sciences (1989)
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This study Hand net and dredging 37
rom 90 to 6.8% of the lake area from the 1950s to the early of 21st
entury (Yang et al. 2004). Number of diatom species decreased
rom 21 to 9 during the period of 1958–2007 (Gong et al. 2009).
owever, the study on changing of mollusks structure in eutrophic
ake Dianchi is sparse. Additionally, investigation area was limited
n the lake body by investigators. Here we test the use of historical
iodiversity datasets in tracing the long-term changes of mollusks
iversity in the eutrophic lake.
aterials and methods
The historical information on molluscan in the Lake Dianchi
omes from three major stages. The ﬁrst stage is before 1940s, the
nvestigations were carried out in 1942 but the species list also
ncludes information from earlier studies (Tchang 1948; Tchang
nd Tsi 1949a,b; Tchang and Hsia 1949). Later on, the most exten-
ive inventory of the molluscan in the Lake Dianchi was performed
uring several surveys in the period from 1980 to 1999 (Huang and
hang 1986, 1990; Wang 1985, 1988; Zhang et al. 1997; Chinese
cademy of Sciences 1989). The third stage is during the period
rom 2000 to 2004, investigations were focus on the changing of
acrozoobenthos in eutrophic Lake Dianchi (Wang et al. 2002,
007; L.Z. Wang et al. 2004).
FromMarch2005 toMarch2008, an intensive samplingwas car-
ied out every four months. 37 adlittoral stations (including rivers,
prings and inshore of the lake) were sampled using a handnet
Fig. 1). This handnet consists of a metal frame of approximately
.3m by 0.3m to which a conical net is attached with a mesh size
f minimum 300 and maximum 500m. The frame is attached to
1.5m long shaft. Sampling effort is proportionally distributed
ver all accessible aquatic habitats. This includes the bed sub-
trate (stones, sand or mud), macrophytes (ﬂoating, submerged,
Fig. 1. Map of Lake Dianchi and basin of this lake and the sample stations.ffshore of the lake Wang et al. (2002, 2007) and L.Z. Wang et al. (2004)
ake body, upstream
ivers and springs
emerged) and all other natural or artiﬁcial substrates, ﬂoating or
submerged in the water. For the rivers, kick sampling is performed
by vertically positioning the handnet on the bed and turning over
bottom material located immediately upstream by foot or hand.
For offshore of the lake, mollusks are sampled using a dredge, the
mesh size of dredge is about 2 cm. The samples pass through a
50m mesh net. Samples were marked and preserved with 75%
alcohol, the mollusks were picked up in the room. The identiﬁ-
cation of mollusks was performed under microscope (Leica S6D,
6.3–40×). Mollusks were identiﬁed mainly based on Fulton (1906,
1914), Tchang and Hsia (1949), Tchang and Tsi (1949a,b), Tsi et al.
(1985), Liu et al. (1979, 1993), and Davis et al. (1984, 1985). Sam-
pling design characteristics are compared in Table 1.
Total phosphorus (mg/L) data were gathered from Meng (1999)
and Zhang (2007). Water transparency data measured by Secchi
disk depthwere collected fromTchang (1948), Li et al. (1963),Meng
(1999) and Zhang (2007).
Results
Altogether, 33 species and4sub-speciesbelonging to11 families
were collected in Dianchi Basin. This included 29 species and one
sub-species of class GASTROPODA and 4 species and 3 sub-species
of class BIVALVIA. Among them, 16 species and one sub-species
distributed in lake body belong to 6 families.
Species richness and composition have both changed radically
over the past 60 years. There was 31 species and 2 sub-species
recorded prior to the 1940s, but the species richness decreased
fromahigh level of 83 species and 7 sub-species (Huang and Zhang,
1986, 1990; Wang 1985, 1988; Zhang et al. 1997) to 16 species
and one sub-species from 1990s to the early of 21st century in
lake body (Table 2). Species composition changed from predom-
inant CAENOGASTROPODA snails to mostly BASOMMATOPHORA
snails (Fig. 2). In 1940s, there were 17 species and 2 sub-species of
CAENOGASTROPODA snails were record, but only 7 species were
found in our survey, nearly 41% species disappeared from Dianchi
basin before 2005. The situation of HETEROCONCHIA bivalves was
worse than CAENOGASTROPODA snails, which the species of Cor-
bicula drastically disappeared from the lake body. Conversely, the
species of Physella acuta was ﬁrst found in the lake after 2000,
and the species of BASOMMATOPHORA snails gradually changed
to the predominance species from 1940s to the early of 21st cen-
tury. There was two species (Anodonta fenouilii and Rhombuniopsis
tauriformis) recorded in PALAEOHETERODONTA in the 1940s, but
10 species, and 3 sub-species bivalve species were recorded dur-
ing the period of 1980–1999; most of them were from the genus
Anodonta. In our survey, only one species of A. fenouilii and one
sub-species (A. woodiana woodiana) were found in the lake body.
During the eutrophication of LakeDianchi, the species from sev-
eral genera disappeared in Dianchi basin from 1940s to the early
of 21st century. The species from nine following genera: Kunmin-
gia, Fenouilia, Paraprygula, Erhaia, Assiminea, Galba, Rhombuniopsis,
Unionea and Aforpareysia were not found after 2000 in Dianchi
basin. Although the species from the genera Lithoglyphopsis, Tric-
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Table 2
Faunistic composition of mollusks of Lake Dianchi and basin of this lake; E: endemic species. *: recorded species.
Taxon 1940s 1980–1999 2000–2004 2005–2008 (lake body) 2005–2008 (lake basin)
GASTROPODA
CAENOGASTROPODA
Viviparidae
Angulyagra polyzonata (Frauenfeld) *
A. oxytropoides (Heude) *
Cipangopaludina lecythoides (Benson) * *
C. lecythoides aubryana (Heude) E * * *
C. lecythoides ﬂuminalis (Heude) * *
C. ventricosa (Heude) * * *
C. ventricosa (Heude) *
C. ampullacea (Charpentier) * *
C. chinensis (Heude) * * *
C. cathayensis (Heude) * * *
C. haasi (Prashad) *
C. latissima (Dautzenberg et H. Fischer) *
C. ampulliformis (Souleyet) *
C. dianchiensis Zhang E * * *
Bellamya aeruginosa (Reeve) * *
B. delavayana (Heude) *
B. angularis (Müller) *
B. quadrata (Benson) * *
B. limnophila (Mabille) * * *
Margarya melanioides Nevill * * * * *
M. monodi Dautzenberg et H. Fischer E * * * *
M. tropidophora (Mabille) * *
M. bicostata Tchang et Tsi *
Pomatiopsidae
Kunmingia gredleri (Neumayr) E * *
K. costata (Tchang et Tsi) * *
K. constricta (Tchang et Tsi) * *
K. kunmingensis (Liu et al) *
Fenouilia kreitneri (Neumayr) * *
Paraprygula coggini Annandale et Prasghad *
Lithoglyphopsis ovatus Liu et al. *
L. grandis Liu et al * *
L. fuchsianus (Moellendorff) *
Tricula gregoriana Annandale * *
T. montana Benson *
T. ludongbini Davis et Guo * *
Amnicolidae
Erhaia kunmingensis Davis et Guo E *
Bithyniidae
Parafossarulus striatulus (Benson) * * *
Bithynia fuchsiana (Moellendorff) * *
Assiminea violacea subangulata Heude *
Semisulcospiridae
Semisulcospira dulcis (Fulton) E * * *
S. lauta (Fulton) E * * *
S. inﬂata Tchang et Tsi E * * *
S. scrupea Fulton E * *
S. scrupea debilis (Fulton) E * *
S. aubryana (Heude) E * *
S. vultuosa (Fulton) * * *
S. cancellata (Benson) E * *
BASOMMATOPHORA
Physidae
Physella acuta Draparnaud * * *
Lymnaeidae
Radix swinhoei (H. Adams) * * * * *
R. patuia (Troschel) * * *
R. yunnanensis (Nevill) * * * * *
R. peregra (Müeller) * * *
R. ovata (Oraparnaud) * * * *
R. rufescens (Gray) * *
R. rubiginosa (Michelin) * * * *
R. auricularia (Troshel) * * *
R. plicatula (Benson) * * * *
R. succinea Deshayes * *
R. luteola Lamarck *
R. siamensis Somerby *
R. lagotis (Schrank) * *
Galba truncatula (Müller) * *
G. andersoniana (Nevill) *
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Table 2 (Continued ).
Taxon 1940s 1980–1999 2000–2004 2005–2008 (lake body) 2005–2008 (lake basin)
Planorbidae
H. umbilicalis (Benson) * * * *
Gyraulus convexiusculus (Hutton) * * *
G. albus (Müller) * *
G. compressus (Hutton) * *
BIVALVIA
HETEROCONCHIA
Corbiculidae
Corbicula praeterita (Heude) * *
C. ferruginea Heude * *
C. andersoniana (Nevill) * *
C. ﬂuminea (Müller) *
C. largillierti (Philippi) * *
C. soriniana Heude *
C. obtruncata Heude *
C. methoria Heude *
C. fenouilliana Heude * *
C. subobliqua Heude *
Sphaeriidae
Sphaerium sp. *
Pisidium sp. *
PALAEOHETERODONTA
Unionidae
Anodonta fenouilii (Heude) E * * * *
A. woodiana woodiana (Lea) * * *
A. w. paciﬁca (Heude) * *
A. w. elliptica (Heude) * *
A. berigiana Middendorff *
A. piscatora (Heude) *
A. vescoiana (Heude) *
A. pumila (Heude) *
A. latirplana Huang et Zhang *
Rhombuniopsis tauriformis Fulton E * *
Unionea fagana Dehays et Jullien *
U. ovatiquadreta Huang et Zhang *
Aforpareysia hunanensis (Hass) *
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wata in 1940s from Tchang (1948), Tchang and Tsi (1949a,b), and Tchang and Hsia
t al. (1997), and Chinese Academy of Sciences (1989); in 2000–2004 from Wang et
la, Bithynia, Semisulcospira and Corbicula were found in Dianchi
asin, they only distributed in the springs and upstream rivers. In
he lake body, species from the genera Cipangopaludina, Margarya,
ellamya, Physella, Radix and Anodonta are present species.
Fourteen endemic species (including 12 snails and 2 bivalve
pecies) were recorded in Lake Dianchi basin (Table 2). During
he past 60 years, only 5 species and 1 sub-species endemic snail
Cipangopaludina lecythoides aubryana, C. dianchiensis, Margarya
onodi,Semisulcospiradulcis,S. lautaand S. inﬂate) andoneendemic
ivalve species (A. fenouilii) were found in 2005–2008. C. dianchien-
is and A. fenouilii were found in 2005–2008 in the lake body, and
ther species were found only in the springs and upstream rivers.
t the time of the previous investigations, P. acuta, Sphaerium sp.
nd Pisidium sp. were not registered, but in our investigation, the
phaerium sp. and Pisidium sp. are common in the springs and P.
cuta was found both in lake body and springs.
Level of water quality has drastically changed during the last
0 years. The average transparency was about 102 cm in 1942, but
t decreased to 54 cm in 2005 (Fig. 3), and the total phosphorus
ncreased from 0.046mg/L in 1982–1983 to 0.187mg/L in 2005
Fig. 4). The transparency and total P had the worst value in 1999,
he transparency was 42 cm and the total P was 0.331mg/L.
iscussionDue to the waste pollution, pesticide from agriculture, unsus-
ainable water extraction for irrigation, stock and urban use, the
ater quality of Lake Dianchi gradually deteriorated from the); in 1980–1999 from Huang and Zhang (1986, 1990), Wang (1985, 1988), Zhang
002, 2007) and L.Z. Wang et al. (2004).
1980s, and itwas evenworse in1999 (Figs. 3 and4). The changingof
water quality probably has resulted the changing of mollusks com-
munity in the Lake Dianchi. The abundance of tolerant pollution
species increased, such as species of Radix, Physella and Parafos-
sarulus, but most of sensitive species, species of Semisulcospira,
Kunmingia, Tricula, Corbicula and Lithoglyphopsis have disappeared
in the lake body.
The mollusk’s ecological features, such as life habit, mode of
respiration, sexual reproductive and ability to withstand desicca-
tion,maydetermine themollusk community structure in eutrophic
lake. Kołodziejczyk et al. (2009) mentioned that anoxia might be
such a disaster to the mollusks species in eutrophic lakes, espe-
cially in CAENOGASTROPODA snails. CAENOGASTROPODA snails
are strongly associated with the bottom, therefore the species
is most exposed to the anoxia inﬂuence, however, snails of
BASOMMATOPHORA could be able to capture and use the oxygen
released by plants during photosynthesis and in some the BASOM-
MATOPHORA snails’ cavity is ﬁlled with water and functions as a
branchiumorgill (Kołodziejczyket al. 2009;Clarke1979;Brönmark
and Hansson 2005). The species of Pisidium and Sphaerium always
distribute in the stony or sandy bottom, but the substrate has
been covered due to increased organic material load in course of
eutrophication (Zettler and Daunys 2007). Anoxia and changing of
substratemightbepossibleexplanationswhybenthicmollusksdis-
appeared in the lake body. Additionally, the changing of ﬁsh species
composition couldbea reasonwhy theunionidmussel disappeared
in the eutrophic lake. There is the strong dependence of unionid
mussel on ﬁsh as hosts for larval development and dispersal, when
the species composition of the ﬁsh community changes, the prob-
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extensive survey carried out in thewhole lake body using dredging,
andhandnet aswell asPetersengrabsduring theperiod1980–1999
(Wang 1985, 1988; Zhang et al. 1997; Chinese Academy of Sciencesig. 2. The changing of mollusks composition during the last 60 years in Lake
ianchi.
bility of infection of ﬁsh by glochidian can change also, due to
ifferences in infection rates of different ﬁsh species (Arter 1989;
illeen et al. 2004).
In 1940s, 31 species and 2 sub-species were recorded, how-
ver, the number of taxa increased to 82 species and 7 sub-species
uring the period of 1980–1999. The species number of all of fam-
lies (except the family Semisulcospiridae) has notably increased.
hinese Academy of Sciences (1989) mentioned that many unionid
ussels found in 1980–1999 was associated with introducing of
conomic ﬁshes and macrophytes by human after 1958 (Gong
t al. 2009; Wang and Dou 1998). Additionally, person identify
he mollusks always according to the sculpture, shell shape, color
r other external characters, however, the shell may be prone to
nvironmental pressures and cases of phenotypic plasticity in shell
orphology (e.g. Arter 1989; Palmer 1985; Trussell and Smith
000; Shu et al. 2010; Reed and Janzen 1999; Warner 1996).
ur molecular study indicated four species of Margarya and C.
ianchiensis are synonym species (unpublished). In a review on
sian Corbicula, Morton (1986) mentioned when morphologicalFig. 3. The changing of Secchi disk visibility from1942 to 2005 in LakeDianchi (data
from Li et al. 1963; Tchang 1948; Meng 1999; Zhang 2007).
variation was considered together with data on ecology, physiol-
ogy, demography and reproductive behavior, only two biological
species could be recognized in east Asia, freshwater C. ﬂuminea
(Müller, 1774) and estuarine C. ﬂuminalis (Müller, 1774). Addi-
tional Kijviriya et al. (1991) indicated that all Thai Corbicula species
are referable to a single species, C. ﬂuminea. Hence, these conse-
quences could indicate that many species from one genus (such as
the genus Cipangopaludian, Bellamya, Kunmingia, Radix, Corbicula
and Anodonta) could the variance of one or few species. The validity
of these species may be settled using molecular data in the future.
Different sampling methods and ignore of the speciﬁc groups
in earlier studies could be potential sources of differences in the
results from the four time periods. It is unclear, how samples have
been collected and sorted in 1940s (only dredging was noted)
as well as number and locations of stations remain unknown
(Table 1). However, according to the description, sampling sites
were restricted to the inshore of lake, the water depth was less
than 2m (Tchang and Tsi 1949a,b; Tchang 1948). In contrast, veryFig. 4. The changing of total phosphorus from 1982 to 2005 (data from Meng 1999;
Zhang 2007).
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989). Although many species were described from a littoral part,
he authors most likely visited numerous offshore stations remains
nclear. In the 2000–2004, Petersen grabs and dredging was used
n the offshore of lake (Wang et al. 2002, 2007; L.Z. Wang et al.
004). It can be concluded that, only dredge was used in 1940s, the
ampling effort was considerably lower than in 1980–1999; there-
ore,most likelywidespreadandcharacteristic species (particularly
or species of Viviparidae and Semisulcospiridae snails as well as
nionidae mussels) did occur in samples only. In contrast, compre-
ensive species list from 1980 to 1999 exhaustively reﬂects lake’s
iodiversity status 20 years ago. Since inshore stations are more
fﬁcient in covering biodiversity, we do no anticipate major dif-
erences between 1940s and 1980–1999 datasets due to sampling
esign. However, the surveys focused on the offshore of lake dur-
ng the period 2000–2004, it was possible cause for a few mollusks
ound. In our opinion, the cause of ignore of the speciﬁc groups in
arlier studies seem to be most likely. There are numerous exam-
les of it, e.g. the taxonomical expertise for determining sphaeriid
pecies (Pisidium and Sphaerium) is one reason for the enlarged
pecies list in our study.
Additionally, in our study is the ﬁrst time to enlarge the survey
egion to Dianchi basin. Although most of mollusks species disap-
ear in the lake body, some mollusks still distribute in the springs
nd upstream rivers. These springs and upstream rivers are impor-
ant refuge for them. To avoid the extinction of indigenous species
n these springs and rivers, conservation measures for the biodi-
ersity of mollusks is urgently needed, and more comprehensive
tudies should be carried out.
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